Objectives: Real world implementation of proactive screening and brief intervention in health care is threatened by high cost. Using e-health interventions and screening for multiple health risk factors may provide more efficiency. We describe methodological details of a proactive multipurpose health risk screening in health care settings and report on participation rates, participants' characteristics, and participation factors.
| INTRODUCTION
There is increasing evidence that brief intervention in health care settings can be effective in modifying health risk factors (e.g., tobacco use and risky drinking; Kaner et al., 2018; Rosembaun, Rojas, Rodriguez, Barticevic, & Rivera Mercado, 2018) . In that context, proactive recruitment is seen as the most suitable contacting to yield sufficient reach and produce significant effects on a population level (Velicer et al., 2000) . In contrast with reactive approaches, every individual of the target population is approached. This results in higher participation rates and more representative samples. Another important advantage of proactive approaches is that higher proportions of individuals with no or low motivation to change behaviors can be reached (e.g., German Clinical Trial Register (DRKS): DRKS0001163; DRKS00011637; DRKS00013057 Hoving, Mudde, & de Vries, 2007) . This is of high public health relevance as the majority of the general population engaging in health risk behaviors does not intend to change it in the future (John, Meyer, Rumpf, & Hapke, 2003; Velicer et al., 2000) . Reactive approaches reach only those who are interested (e.g., via media invocations) and may miss those most in need (Ludden, van Rompay, Kelders, & van Gemert-Pijnen, 2015) . Despite the advantages of proactive contacting, it requires high personnel resources and thus has not yet been practiced sufficiently.
One way to improve cost-benefit ratio is the use of a systematic proactive screening approach aiming at multiple health risk factors.
Especially when combined with computer-based counseling systems, which provide an effective and timesaving alternative to face-to-face counseling by physicians (Krebs, Prochaska, & Rossi, 2010; , it may ease implementation into routine care. Screening and intervention on multiple health risk factors is highly adequate because the majority of the adult population reports multiple health risk factors (Fine, Philogene, Gramling, Coups, & Sinha, 2004; John, Hanke, & Freyer-Adam, 2018) . Clustering of health risk factors places individuals at increased risk due to synergistic negative influences on health and multiplies health care burden as, for example, in case of combined tobacco and alcohol use (Xu et al., 2007) . Disparities exist by socio-economic status: Individuals with low socioeconomic status are more likely to cluster health risks compared with those with higher socioeconomic status (John et al., 2018; Schuit, van Loon, Tijhuis, & Ocke, 2002) . This is especially concerning as socioeconomic health inequalities have increased over the last years (Ding, Do, Schmidt, & Bauman, 2015) .
Consequently, screening for and targeting change in multiple risks in health care settings offer the potential of increased health benefits and higher impact on public health than single risk screening and intervention approaches and may support reduction of health disparities (J. J. Prochaska & Prochaska, 2011; J. O. Prochaska, 2008) .
The aims of the current paper were (a) to describe methodological details of a proactive multipurpose health risk screening in health care settings, and (b) to analyze which part of the population is reached through this screening approach, and for subsequent offered studies.
| METHOD

| Participants and screening procedure
The proactive screening procedure used in this study was tested within a pilot study between December 2015 and May 2016. Within that timeframe, 1,523 ambulatory care patients and 1,250 hospital care patients aged 18 and 64 years were screened for health risk factors (for more details see Krause et al., in preparation) . 598/2016BO2; and Site 3: 15-256). In both settings, patients aged 18 to 64 were proactively approached and asked to fill out an anonymous computerized questionnaire (via tablet computer) on health risk factors. As effective recruitment in health care requires reduction of clinician workload (Aspy et al., 2008; Ngune, Jiwa, Dadich, Lotriet, & Sriram, 2012 ) study assistants to conduct recruitment were present at each site.
| Ambulatory care patients
In total, 144 ambulatory practices were systematically and proactively contacted by mail, fax, telephone, and/or personal visits to explain research rationale and to obtain recruitment permission. Selection of practices was based on their localization (inner city area; Sites 2 and 3), number of physicians per practice (at least two; site 3), and treatment focus (substance substitution; site 2). In Site 1, all existing general practices were contacted. Recruitment took place in 39 (27.1%) practices (16 from Site 1, 7 from Site 2 and 16 from Site 3) including 35 general practices, two practices for gynecology and two outpatient clinics (dermatology, oral, and maxillofacial surgery). During opening hours, consecutive patients were approached by a study assistant and screened for age. Patients consulting for prescription or referrals without direct physician contact were excluded from screening. Recruitment period per practice varied between three and 103 days; mean recruitment time per practice was 16.5 days. Although we aimed to cover the complete office hours of the practices, this could only be realized in Site 1. In Site 2, the proportion of office hours covered on recruitment days varied between 47.1% and 82.2% per practice (mean coverage: 65.5%) due to limited resources. Site 3 realized a complete coverage of office hours in all practices except two (coverage of 67.5% and 66.5%) because of extended office hours (up to 10 or 15 hr a day, respectively).
| Hospital care patients
Selection of hospital departments was based on the consultability of patients, that is, we excluded intensive and critical care units as well as wards dealing with terminal illnesses (e.g., oncology).
The following types of departments were included: internal medicine, surgery, otorhinolaryngology, gynecology, dermatology, ophthalmology, orthopedics, urology, odontology, and neurology. Prior to recruitment, directors of departments were contacted and ask for cooperation. All departments consented to participate in the recruitment except for one because of conflicting project timeframes. A total of 26 departments covering 56 wards participated in the recruitment (Site 1: 4 departments covering 7 wards; Site 2: 11 departments covering 24 wards plus one waiting/registration area; Site 3: 11 departments covering 20 wards and further 5 interdisciplinary wards).
Only patients within the age range were visited at their hospital bed and asked to participate in the screening. In Sites 1 and 3, information from the central patient admission system was available.
On all working days, study assistants got a list of newly admitted patients aged 18 to 64 from the preceding day.
In Site 2, recruitment was on the basis of room plans of the wards from the recruitment day. Because of time restrictions, every ward was visited once a week at this site.
| Study target populations
On the basis of their health risk pattern, screening participants were allocated to one of five studies using a computerized scoring algorithm. Studies included four proof of concept trials testing the potential efficacy of computer-based interventions aiming at depressive symptoms (Study 1), tobacco use (Study 2) and harmful alcohol consumption in co-occurrence with either tobacco use (Study 3) or depressive symptoms (Study 4). Further, individuals with moderate to severe alcohol dependence were invited to an interview study about consumer's perspectives on alcohol related treatments (Study 5). Due to the defined inclusion and exclusion criteria, there was no multi-eligibility. Detailed information on inclusion and exclusion criteria, design, planned incentives, and assessments as well as interventions delivered can be found in Table 1 .
| Informed consent procedure
Verbal informed consent was obtained for participation in the screening. Prior to data collection, participants were informed by a note on the tablet that by answering the screening questions, they give their permission for their answers to be analyzed for research purposes and for determining their eligibility for further studies. After completion of the screening questionnaire patients handed the tablet back to the study assistant. If a patient was eligible for any of the five studies, the study assistant explained the nature of the respective study and its procedures to the patient. Eligible patients were asked to give written informed consent for study participation.
| Patients' safety
If the screening data suggested the presence of a moderate to severe alcohol dependence and/or a current severe depressive episode, patients received a message on the tablet. It said that their answers indicate they may have risky alcohol consumption and/or a depressive disorder, and if they wish professional advice, they may approach their treating physician. Study assistants further provided a list with contact addresses for counselling and treatment in a closed letter.
| Quality assurance
All proof of concept trials have been registered within the German Clinical Trial Register (DRKS). An audit was conducted by the Institute for Community Medicine at the university medicine Greifswald, which was not involved in the conduction of the trials described. In that audit, completeness and consistence of the study documents, as well as the electronic data collection, data storage system, and data privacy were proven. All study assistants were trained prior to the start of data collection (e.g., collecting informed consent, documentation and data saving). On all recruitment sites, consistent study documents and standard operating procedures were used, for example, to collect informed consent or for documentation. During data collection, joint team supervisions were conducted via telephone conferences.
| Screening measures
Data from the screening procedure (including number of people approached, excluded, and refused screenings) were collected using paper-based forms and then transferred to computer-based storage.
| Socio-demographics
Data on age, gender, relationship status, school education, and occupational status were assessed. Based on the German school system, years of schooling were categorized as less than 10, 10, and more than 10 years. Occupational status was categorized as full-time (at least 35 hr per week) or part-time employed (15-34 hr per week), unemployed, and not-working (homemaker, retiree, student, or similar).
| Alcohol consumption
The Alcohol Use Disorder Identification Test (AUDIT; Saunders, Aasland, Babor, de la Fuente, & Grant, 1993) was used to assess alcohol consumption patterns (Items 1 to 3) and negative consequences of alcohol consumption (Items 4 to 10). We modified the original AUDIT version as follows: The first two items (assessing the drinking occasions and number of drinks consumed per occasion in categories) were each followed by an additional item to specify the exact number of drinking occasions and drinks, respectively. Further, the third item (assessing binge drinking frequency) was assessed for men and woman separately: "How often do you drink five or more alcoholic drinks on one occasion" and "How often do you drink four or more alcoholic drinks on one occasion." An alcoholic drink was defined as 0.25-0.3 L beer, 0.1-1.15 L (sparkling) wine, or 0.04 L spirits. Alcohol consumption in grams per day was calculated using a quantity-frequency index on the basis of the exact number of drinking occasions and drinks. Harmful alcohol consumption was defined as an average daily alcohol use exceeding 24 g of alcohol for men and 12 g of alcohol for woman, and/or binge drinking defined as drinking five or more alcoholic drinks for men and four or more alcoholic drinks for women per occasion at least once a month (National Institute of Alcohol Abuse and Alcoholism, 2012) . A moderate to severe alcohol dependence was assumed at an AUDIT score ≥ 20 (Donovan, Kivlahan, Doyle, Longabaugh, & Greenfield, 2006) .
| Tobacco consumption
Smoking status was assessed with the question "Do you currently smoke?" with four response options "Yes, I smoke everyday"; "Yes, I
smoke occasionally"; "No, I quit smoking"; and "No, I never smoked".
The number of cigarettes usually smoked per day and the number of years individuals have been smoking regularly were assessed. Further, the first item of the Fagerström Test for Nicotine Dependence (FTND; Heatherton, Kozlowski, Frecker, & Fagerstrom, 1991; German version from Schumann, Rumpf, Meyer, Hapke, & John, 2010) assessing the time to the first cigarette after awaking (0 "After one hour", 1 "Within one hour", 2 "Within half an hour", and 3 "Within five minutes") was used as a measure of nicotine dependence (Baker et al., 2007) . Online assessments at baseline, 6 weeks after baseline; 1, 3, 6, 9, and 12 months after the intervention was finished
Online assessments at baseline, 6 weeks after baseline; 1, 3, 6, 9, and 12 months after the intervention was finished
Telephone assessments at baseline, after 2, 4, 6, and 12 months
Control group scheduled only at baseline, after 6 and 12 months depressed mood, anhedonia, significant change in weight or appetite, insomnia or hypersomnia, psychomotor agitation or retardation, fatigue or loss of energy, feelings of worthlessness or guilt, and diminished ability to think or concentrate. The criterion regarding thoughts of death and suicidality is not assessed. The German translation of the items was retrieved from Löwe, Spitzer, Zipfel, and Herzog (2002) .
Items were assessed on a 4-point Likert scale (0 "Not at all", 1 "On several days", 2 "More than half of the days", 3 "Nearly every day").
Subsyndromal depression was defined as experiencing at least two of the eight depressive symptoms including at least one cardinal symptom (depressed mood or anhedonia) on more than half of the days. Major depression was defined as experiencing at least five of the eight depressive symptoms including at least one cardinal symptom on more than half of the days (Kroenke et al., 2009 ). Further, a PHQ-8 sum score was calculated. 
| Fruit and vegetable intake
| Physical activity
Physical activity was assessed using the Godin and Shephard leisuretime physical activity questionnaire (Godin, 2011) . The English items were translated into German by translation and back-translation. Prior to the presentation of the questionnaire items, the intensity levels assessed (light, moderate, and vigorous) were introduced based on relative and absolute intensity (heart rate, breathing, and example activities). Activity examples from the original questionnaire were adapted (e.g., alpine skiing and snow-mobiling were dropped as these are uncommon in most German regions). Further, questionnaire items were supplemented by additional items assessing the usual amount of time per exercise in categories (less than 20 min, 21-30 min, 31-40 min, and so on, up to 171-180 min).
The number of exercises performed was multiplied by the usual amount of time per exercise (mean of the categories were used here, e.g., 35.5 for category 31-40) to calculate physical activity in minutes per week for each intensity level. Individuals were categorized as physically inactive if they performed less than 150 min of moderateto-vigorous physical activity and less than 75 min of vigorous physical activity, or an equivalent combination, for example, 100 min of moderate and 25 min of vigorous activity (WHO, 2010).
| Body mass index (BMI)
BMI was calculated by dividing self-reported body weight in kilograms by self-reported height in meters squared. Overweight and obesity
were defined in accordance with the WHO (2018) as a BMI ≥ 25
and BMI ≥ 30, respectively. 
| Total number of health risks
An index ranging from zero to six was created for the number of health risks participants reported: harmful alcohol consumption, smoking (at least occasionally), at least subsyndromal depressive symptoms, insufficient fruit and vegetable consumption, physical inactivity, and overweight.
2.6.9 | Self-rated general health
Self-rated general health was assessed with one item "In general,
would you say your health is …" (McHorney, Ware, & Raczek, 1993) answered on a Likert scale ranging from 1 to 5 (excellent, very good, good, fair, and poor). Item-scale values were recalibrated according to Ware, Snow, Kosinski, and Gandek (1993) 
| E-mail and mobile phone use
To assess reachability via e-mail and mobile phone two questions with a yes or no answer format were used: "Are you reachable via an e-mail address at least once a week?" and "Do you use a mobile phone?"
| ANALYSIS
First, the flow of approached patients was described: Numbers and percentages of individuals approached, fulfilling inclusion, and exclusion criteria, as well as participation rates were reported on screening and study level. Participation rate was defined as the proportion of eligibles that agreed to participate in the screening or one of the studies, respectively.
Second, descriptive statistics (means, standard deviations, and percentages) were used to describe screening participants' characteristics, that is, socio-demographics and health risk factors. T-tests and Chi-squared tests (for continuous and categorical variables, respectively) were then used to explore differences by setting. Because of its highly skewed distribution, alcohol intake (grams per day) was described based on median and interquartile range, and the Wilcoxon rank-sum test was used for comparison across settings.
Third, to identify participation factors within eligible patients, we compared participants to nonparticipants using logistic regression analyses. Screening participation factors were examined based on age and gender. Study participation factors were examined on the basis of all participants' characteristics, that is, socio-demographics and health risk factors described above. On the study level, some characteristics assessed did not vary between participants and nonparticipants because of defined inclusion and exclusion criteria (e.g., all eligible patients for Study 3 report harmful alcohol consumption). 
| Study participation rates
Of all individuals with full screening data (n = 12,828), 34.0% were eligible for one of the five studies ( Figure 1 ). A total of 2,919 patients One practitioner in Site 1 did not allow to ask the patients for their specific age, therefore patients in this practice were only asked if they were in the age range of 18 to 64; however, "age < 18 or > 64 years" was coded if that was denied.
were approached for study participation, with study participation rates ranging from 35.2% to 50.8%.
| Characteristics of screening participants
Characteristics of screening participants significantly differed across settings (Table 4) . Ambulatory care patients were younger, fewer were married or in partnership, more were female, higher educated, and more were employed compared with hospital care patients.
Ambulatory care patients also reported a significantly better general health and fewer health risk factors compared with hospital care patients including lower proportions of insufficient fruit and vegetable consumption, physical inactivity, overweight, and obesity.
However, proportions of individuals reporting subsyndromal or major depression, as well as PHQ-8 sum scores were higher in ambulatory care patients.
Over both settings, proportions of individuals with 0, 1, 2, 3, 4, 5, or 6 health risk factors were 1.7%, 15.4%, 31.8%, 31.1%, 15.7%, 4.0%, and 0.4%, respectively. The most prevalent health risk factors were insufficient fruit and vegetable consumption (94.0%) and being overweight or obese (52.1%). These two were also the most prevalent single risk combination with 13.5% in the total sample, followed by insufficient fruit and vegetable consumption combined with overweight and physical inactivity (8.5%).
| Screening participation factors
Associations of age and gender with willingness to participate were analyzed based on ambulatory care patients (n = 8,723) and hospital care patients (n = 7,196) eligible for screening. However, in some cases, data were missing because of incomplete documentation and lack of permission to ask for exact age in one ambulatory practice. 
| Study participation factors
Recruitment site and setting, as well as socio-demographics had significant effects on study participation. However, study participation factors largely differed between the studies (Table 5 ). The total number of health risk factors did not predict willingness to participate in any study. However, the presence of single health risk factors was associ- Including n = 2,599 readmitted patients from Site 1 that were identified based on their patient id and excluded from recruitment.
settings (e.g., Freyer-Adam et al., 2016; Guertler et al., 2017; Krist et al., 2014 ; Meyer et al., 2008) . The present study allows comparison of reach across different recruitment settings and target populations.
| Screening level
It is necessary to reach patients (individual level) and clinicians (organizational level) for participation in prevention efforts (Glasgow et al., 1999) . In the present study, the proportion of hospital departments that were willing to conduct screening (adoption) was high. However, adoption within ambulatory practices was lower than in previous research reporting adoption rates of 60-87% (Guertler et al., 2017; Krist et al., 2014; Meyer et al., 2008) . (i.e., sending a letter and waiting for answer). This stresses the need for highly proactive approaches when recruiting clinicians (e.g., telephone or in person contact). Further, some practices in Site 3 were not selected for recruitment (even though they may have agreed to) because of high proportions of patients >64 years or low patient flow in general. However, due to lack of documentation, these practices were handled as if they had declined participation.
On the patient level, more than 83% of eligible ambulatory care patients and 90% of hospital care patients could be reached through the proactive screening. These participation rates are comparable with the previous studies in health care settings in Germany using proactive screening approaches (Freyer-Adam et al., 2016; Meyer et al., 2008) . However, length of screening may also have affected participation rates as the screening used in Meyer et al. (2008) consisted only of one question to identify smoking individuals in ambulatory practices, which resulted in participation of nearly all patients (99.6%). not start until October 2017; further, due to awaiting of ethical approval, start of recruitment in Site 2 was delayed for Studies 1 and 4 (4 weeks delay), as well as for Study 5 (10 months delay). g Due to a technical problem, for Study 2 the exclusion criterion reachability via e-mail was not included in the computerized scoring algorithm used on the tablet. Instead, study assistants asked those within recruitment period and being eligible based on the scoring algorithm for reachability via e-mail after screening completion. e Average daily alcohol use exceeding 12 or 24 g for women or men respectively and/or binge drinking behavior (drinking five or more alcoholic drinks for men and four or more alcoholic drinks for women per occasion) at least once a month.
f Occasionally or daily smoking.
g Of those who reported smoking at least one cigarette daily: n = 3,446; years of smoking contains two missings due to inconsistent answers: n = 3,444.
h Coded from zero (low dependence) to three (high dependence).
i Of those who had a period of at least 2 weeks in the last 12 months with sadness, tiredness and/or loss of interest: n = 7,375. two and 51% at least three health risk factors, confirming that the majority of adult population has multiple health risk factors (John et al., 2018) . In line with previous research (John et al., 2018) , nutrition and energy balance associated factors (fruit and vegetable consumption, overweight, and physical inactivity) were the most prevalent health risk cluster. Although selection bias may be reduced within proactive screening procedures (Velicer et al., 2000) , we were not able to reach males at the same rate as females in ambulatory practices. This result is in line with previous research showing that females are more likely to be interested in health, health information seeking, and participation in scientific studies than men (Ek, 2015; Galea & Tracy, 2007) . Younger age predicted participation in both settings. However, literature about the effect of age on participation is less consistent (Galea & Tracy, 2007) . Further, it cannot be precluded that other factors like socioeconomic status (Bender, Jorgensen, Helbech, Linneberg, & Pisinger, 2014) and health behaviors (Schneider, Schulz, Pouwels, de Vries, & van Osch, 2013) have influenced screening participation.
| Study level
So far, only few trials in health care settings addressed multiple health risk factors in a single intervention (e.g., Goldstein, Whitlock, & DePue, 2004) and it is unclear whether multifocus interventions may differ in reach compared with single focused interventions. This is of particular interest as the number of health risks is linearly associated with mortality risk (Ford, Bergmann, Boeing, Li, & Capewell, 2012 In general, our proactive approach led to relatively high proportions of patients willing to participate in the studies in comparison with reactive approaches (Velicer et al., 2000) . However, intervention participation rates were lower compared with other studies using proactive recruitment in health care settings that resulted in participation rates over 80% (Freyer-Adam et al., 2016; Meyer et al., 2008) . Differences in participation rates may be a result of progressing proliferation of research studies during the last years (Galea & Tracy, 2007) .
Another likely explanation relates to the complexity of the recruitment procedure for multiple studies that may lead to an overload for the study assistants when offering study participation. A detailed examination of reasons why individuals choose not to participate could further inform efforts to increase reach.
Results on participation factors on study level reflect known biases including that males and those with low education are harder to reach for prevention efforts (Galea & Tracy, 2007; Stanczyk et al., 2014) . Recruitment site and setting did also affect participation. Participation rates were most favorable when recruitment took place in the coordinating study site. This might be the result of a higher identification of potential study participants with one's home region and a higher motivation of the study team for engaging patients in their "own" study. Whereas smokers were reached better in ambulatory practices, individuals with at least moderate alcohol dependence were reached better in general hospitals. Overall, participation factors clearly differed between the studies. A large part of these differences are probably because of the different characteristics of patients eligible for each study. Further, the type of study (intervention and interview) may also have affected willingness to participate.
As little is known about how to address multiple health risks in an efficient manner (Meader et al., 2017; J. J. Prochaska & Prochaska, 2011) more research is needed on intervention strategies for patients presenting multiple health risks. Further, it is known that tailoring intervention content to the needs of participants can enhance intervention impact (Kreuter, Strecher, & Glassman, 1999) . It has to be examined whether offering of study participation may also need to be framed differently, for example, depending on risk factor combination, socioeconomic status, and motivation to change in order to increase participation rates and to reduce selection bias. Lastly, multifocus interventions may have the potential to be framed in a less-stigmatizing way compared with single-focus interventions, for example, aiming at a healthy lifestyle in general instead at a single undesired and stigmatized behavior, for example, alcohol use (Barney, Griffiths, Jorm, & Christensen, 2006) .
| LIMITATIONS
First, assessment of participants' characteristics within the screening was solely based on self-report, therefore social desirability bias cannot be ruled out. However, objective measurements were not feasible, for example, no extra room for height and weight measurements.
Second, the results on study participation only refer to the initial dropout of patients. It would be important to analyze factors related to retention and differential dropout in intervention arms (Glasgow et al., 2007) .
Lastly, being a multicenter study, implementation of screening had to be adjusted to local conditions, which did not allow implementing the exact same screening procedure at all sites. Thus, samples acquired may be biased based on procedures used and may not be fully comparable with each other, for example, those with longer hospital stays and with more ambulatory practice visits may be overrepresented in the sample acquired in Site 2 because of nondaily recruitment. Although single-center studies have the advantage of more uniform procedures, multicenter studies yield a higher external validity because of the heterogonous study population and implementation (Meinert & Tonascia, 1986) .
| CONCLUSION
This study supports the use of a systematic proactive screening for multiple health risks in different health care settings as it is more resource-saving than a single focused screening and allows combining different research questions in one screening. However, resources to address critical findings have to be available. Implementing systematic screening into routine care may be fostered by training of practice or hospital staff or by providing additional staff to organize screening and adequate interventions.
